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7echmcal field - ■*.'..■ 

The present inveMoE relates to a novel sepairattion matiiix foir isolation of target 
molecules, such as protemSp from a liquid. The iuventioii also encompasses a 
method of preparing such a Hjatrix as well as a chromatography column p^ked 
with such as separation matrix. . 

Bacikfsyound . 

Biotechnological methods are used to an Mcreasing extent in the productaon of 
proteins, peptides, nucleic acids md other Mological compounds, for research 
purposes as well as in order to prepare novel kinds of drugs. Due to its versatSl- 
ity and sensitivi^ to the compounds, chromatography is often Ohe preferred pu- 
rification method in this context The term chromatography embraces a family 
of closely related separation methods, which are all based on fte jprinciple that 
two mutually immiscible phases are bronsght into contact. Mom spedficaUy, the 
target compound is introduced into a mobile phase, which is contacted with a 
stationary phase. The target compound will then undergo a series of interac- 
tions between the stationary and mobile phases as nt.is being carded through 
the system by the mobile phase. The interactiosis exploit di^erences in the 
physical or chemical prc^erties of the components in the sample. 



In liqmd chromatography^ the target cpmpoimd is present in a liquid together . 
with one or more contaminants or undesired substances. Said liquid is coU'- 
tacted with a stationary phase, known as a maOsix, which is commonly com- 
prised of either a collection of homogenous, porous or non-porous particles or a 
monolith of organic or inorganic origin. The properties of ^e separation matdx 
win in large decide the eMciency obtained when used in a separation process, 
such as chromatography. Usually, a separation matrix is comprised of a support 
to which groups capable of inter^tion with the target and known as ligands 
have been coupled. Thus, the Mgands will impart to the supports &e ability to 
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effect the separatum, idratification, and/or purification of oornKSiUeS^^rmterest. 
In ifae prior art, a number of ^Iffecent tedmiques for controlling the density of 
Ugands on a suppknt have be^ suggested, which tediniques generally fall into 
one of the following four caf^caies: 

a) Manipulation of reaction conditions which activate the matrix, i.e. which in- 
troduce a reactive group which can couple the ligand. This often involves 
varying the concentration of activating reagents, reacftion ttme, xeaction tem- 
perature, pH, <»: combinations of these variables. Thus, the efficiency of tibe le- 
action, i.e. the extent of desired reaction as opposed to competing ^de reac- 
tions, will be strongly influenced by reaction conditions. 

b) Manipulation of reaction conditions during the actual coupling of the ligand 
to the support. This may mvolve varymg the concentration and/or flie total 
amount of ligand tiie support is challenged witfi. ionic strengtii of die couplmg 
buffer, and type of salt in the coupling buffer as well as the variables of time, 
temperature, pH, etc., mentioned above. SunHarly to Oie technology described 
above, doe to tiie strong influ«ice of the reaction conditions, Oiis method may 
also prove difficult to apply in a practical and reproducible manner. 

c) Manipulation of the amount of reactive or activatable groups incorporated 
into die support by varying composition at die time of its formation. For a 
polymeric support, tiiis would include varying tiie nature and/or amount of 
monomer during the polymerisation. Obviousty. one should subsequentty apply 
tiie techniques of a and/cnr b above in a second step to couple die ligand. 

d) For polymraic Kgands, manipoiation of the amount of hgand incorporated 
into flie polymer by pr^aration of a polymerisable Ugand monomer and vary- 
ing the concentration of this monomer in die monomer feed during polymeri- 
sation. A drawback widi tihis technology is fliat many ligands useful for chro- 
matographic s^atations contain fhnctidnal groups which are incomjpatible wiOi 
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the coKtcSittions necessary for formatioDL off the deskecS polyintiOT,'raXS I^IISiftg 
unstable uader the contemplated polymerisation conditions or by interfering 

• with t!he polymerisation reaction. 

A differOTt meJhod of conisrollmg the desnsity of Ingands on a smpport was sug- 
gested fai US 5,561,097 (Gleason et al.)».wMch relates to a meJhod of providing 
an optimised ligand density on a polymeric support, wMch method is stated to 
be obtained in a practical and reproducible manmer. This can be achieved by a 

; method compming a step off reacting ligand and a quencho: molecule witfa* ac- 
tivated sites on an azSactone functional support under conditions that promote 
competittKon of ligand wilth quencher for the activated sites. One advantage pre- 

- sented is that the method is a single step procedure, without any need of a sepa- 
rate step to activate or deactivate reaction sites on the support. The method dis- 
closed is stated to be espedally advantageous for die couplng of small mole- . 
cules. A disadvantage of tibds method is that in order not to favour ligand oyer 
quencher, an understanding of the reaction Mnetics for ligand and reaction M- 

• netics for quencher will be required, including the rate constant for coupling, 
the concentration of ligand, the nucleophilicity'of ligand and quencher,- etc. 

Further, in biotechnological preparation off target n»lecules such as proteins, it 
is well known that to'enable an efficimt purification thereof, a series of two or 
more process steps utilising different kinds of s^aration rnatrices is often re- 
quired. US 6,426,3115 (BergstrBm et al.) suggests to replace such a series of 
' steps by using a multifunctional porous separation matrix, i.e. to present the 
different kind of matrices on a single separation matrix. More specifically, US 
6,426,315 relates to a process for preparing such multifunctional porous sepa- 
ration matrices by introducing different functionalities in different layers of the 
matrix. In brief, the process includes to contact a separation matrix that com- 
prises reactive groups widn a reagent, the amount of which is not sufficient for 
reaction with all groups present in the matrix, and whe^in the reaction between 
the reagent and said reactive groups is rapid compared to the mass transport of 
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the reagent within the matrix. Hie seactiye gioups may e.g. be hydro^l groups, 
double bonds etc, while iSie. xeageitt may be a concqraund that introduces a de- 
sired ftmctionaii^ wiljiin ^e matrix, diirectEy or in^^ 
ti(Hied case, the reagent is a compoiiind Known as an activatLiig ag^t, soch as a 
- halogenating agent, and uSie desired fionctipnalitiy is ^en Introduced in a subse- 
quent step. The most prefeiired ftonctionailities are gmnps &at provide desired 
separation charactesistacs to die matrix commonly known as Hgands. Altema^ 
tively, the fiimctionaMties introcSuced aire the degree of crosslinking, the density 
. . or die poffosBty of ibs matdx. In order to provide forth^.layexs, the reactive 
groins may be fiirOjear reacted with andOi^ reagent Thus, me^od accord- 
ing to US 6.426,315 may exhibit Hts drawbacks discussed aibove under a) and 
b). In addition, even though flie teacMngs of US 6,426,3 15 enable flie con- 
struction of a s^aratiom matdx which exhibits a multitude of functions, each 
one of which will provide different properties as regards binding and diffusion 
in a separation process, there is no guidance in US 6,426,315 with regard to 
how to manufacture a separation matrix to that provides an optimal mass trans- 
port widiin the matrix. Thm. feere is stiH a meed in this ffield of alteomtw^ 
me&ods of producing s^aratiion matrices wifli improved such properties. 

In US 5,945,520 (Burton et al.), it is stated ftat a problem wifti the known kind 

of mults or mixed miode chromatography matrices that adsorb a target com- ' 
pound via hydrophobic inteiactioms is that binding emciencies of less hydro- 
phobic targets wil b© low unltess lliigh salt concentrations are used. To avoid 

. s"'^^* necessary addition of salt. US 5,945.520 suggests a chromatographic 

resin, which presents an ionisable ligand comprised of an ionisafole fiiinctional- 

: ily and a ^ac«r arm, which attaches said functionaKty to a solid support ma- 

trix. The ionisable fonctionaUty is partially electiostaticaHy charged at the pH 
• of adsorption of the target compound to the resin, and is either ftmrther charged 

: or of opposite charge at the pH of desoxption of the con^und from the resin. 

: ionisable fumctionaUties are selectedfrom a specified groiq> of 

■ functionaUties. In one embodiment, the ionisable functional group is derived 
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fromeither 2-meiaq?to-l-mefliyliDQidazole or (-)pheiiylpiopanolanime and 
coupled to a density of at least 150 |im61 per miimitie of lesiii. Sudi a tugh U- ' 
gand density is stated to pro^de a sufficient hydrophobicity to adsori) 
compounds without the need of adding excessive amomits of salt to the Uquid. 

Thus, US 5.945^20 discloses multiftmctional ligands 

wW<* consequently can be described as a homogenous sepawt^^ 

Accordingly , there ii stin a need in this field of novel sei^ 
which avOTd one or more of the problenM associated with the prior art 
practical and economical reasons, thore is a n^ in Ms field of separation nia- 
trices that provides an improved mass transport of target molecules. 

Siimmarv of the invention 

One object of the present uivmtion is to provide a separation inatrix. wherein 
the mass transport prqperties during adsorption and/or desoiption have/bee^ 

improved. This can be achieved by a separation matrix as described in claim 1 . 
Thus, an object of tilie invention is to provide a separation matrix, which is es- 
pecially advantageous for use in large-scale purification of a target molecule. 
A specific object of the present invention is to provide a sq[)aration matrix 
comprised of essentially spherical particles, wherein die mass transport proper- 
ties <fiffer along die radius of eadi such iMoti 

Another object of the preset invention is a sqparati<»i matrix, whiph allows 
eludon of target molectdes at ian increased efficiency. 

* /* A further object of the invention is to provide a method of preparing a separa- 

■ 

tion matrix comprised of a porous support, wherein a ligand density gradient is 
provided. This can be achieved by careful control of the reactiviQr of ligand 
during coupling thereof to the siqpport. 

Yet a further object of the invention is to provide a process of liquid chroma^ 
tography, wherein the mass transport during adsorption and/or de^^ 
improved. 
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Thus, one object of the invention is to provide a process of Uquid chromatogra- 
phy, wherein the mass transport during adsoiption ahd/o^ 

trollabie. . 

Rirflier objects and advantages of the present invention will appear from the 
detailed descicqption that follows, 

Brief descript ion of the drawmes 

Figure 1 shows in a schematic way how the adsorption of a target molecule can 
be facilitated by an increasing ligand dendty towards the centre of a particulate 
separation matrix. 

Figure 2A-H show various illustrative chemical gradients in that can be pro- 
vided in essentially spherical particles according to the invention. Two ligand 
kinds are shown, ligand 1 (line) and Iigand.2 (brdcen line). The gradients are 
shown in diagrams having Relative density on tiie Y-axis and a dimensionless 
radius on the X-axis. 

nefinitinns 

Hie term "gradient" means a change in die value of a quantity with change in a 
given variable, especially per unit distmce, in a specified direction. 
The term a "chranical gradients means h^ein that the chemical properties vary 
in a systematic manner. 

The term a "continuous and smooth" g^radient means th«t it inoreases or de- 
creases in a continuous fashion; linearly or "with varying degrees of convexity 
or concavity. Thus, a **continuous and smooth'* gradient is essentially free from 
discontinuous steps. Jn the context of essentially spherical particles, a '^radiar' 
gradient means that the gradient increases or decreases towards the centre of 
the beads. 

The term ''ligand*' means a chemical ratity, which comprises at least one func- 
tional group capable of interaction with a target molecule. In this context, it is 
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undea^tood that a "Mgand" may ^ 

distances the function^ groups from the s^^^ 

'Theterax"affiBittyMgaEd"meamhe^^ . 
pable of interaction via biological amniiy wilth a target molecMle, such as biotin 
interacting with streptayidin, an antibody interactang with an antigen etc- 
The lerai 'Tigand density" means hcreb fe^^ 
snch as a particle/and is conmioSily measured 
The "surface" of a porons support, yefeirs to 
pore surf aces. 

" Detailed descrip^on of tilie invention 
In a fkst aspect, the present invention relates to a separa^ 
of ligands coi^led to the surfaces of a porous support, wherein the^ ligands pro- . 
vide at least one chemical gradient in the support, wMch gradient 
reeled across the support or be present within &e support,' depending on lis na- 
. tuure. niustrative supports are e.g. membranes, monoiifhs and particles. Thus, in 
an advantageous embodiment," (the present invention is a separation matrix 
comprised of Ugands coupled to the surfaces of at least one porous parSicle, 
wherein &e hgands provide at least one chemical gradient between the cen^ 
and the exterior surface of each porous particle. M this context, it is understood 
diat a chenodcal gradient means a systematic and icepra^ 
cal property, preferably a property, that is utilised in, or influence, a subsequent 
separation process* Illustrative chemical propertSeis are concentration, density 
and attraction. The chemical gradient present in the particles according to the 
•/ ' ■ invention' is preferably created- in a way that improves the mass transport when 
. . - ' the matrix is utilised for separation, such as in chromatography. Accordingly, 
even though heterogeneous particles may have been resulted from .prior art 
methods of manufacture, the present invention suggests for ihe first time het- 
erogeneous particles which have been specifically designed to incorporate a 
chemical gradient that alters and preferably improves tiieir adsorption and/or 
desorption properties during a separation process, llustrative adsorption and/or 
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. desoiption properties are e.g. cecity, sdectivi^, efficiency, intraparticle mass 
transport, rigidity etc. 

i;he separation niatrix accoidii^ to tiie piesiBnt invditian i^ 
and/or purification of practically any iaiiget inolebiile or conqpound, such as in 
chromatography or membrane s^aiation. niustrative examples of target mole- 
cules are biomolecules, such as proteins, peptides, nucleic acids, plasmids and 

vinis, as well as organic molecules. A process of liquid chroniatography tttilis- 
ing the present separation matrix will be disibussed in more detaU 

In fb& most advantageous emhiodiment of the present separation matdx, the po- 
rous particle is an essentiaUy spherical bead. Such beads may be niade of an . 
inwganic maf»ial, such as silica, or of an organic material, and are preferably 
natural or syntibetic polymers. 

Thus, in one embodiment, the beads are comprised of a cross-linked carbohy- 
drate material, such as agarose, agar, cellulose^ dextran, chitbsan, kohjac, car- 
rageenan. gellan. alguwte etc. Such beads aiB easily prepared according t^ 

standard methods, sue* as inverse suspension gdatibn (S Hj«l&i: Biochfan 
Bi<9)hy8 Acta 79(2). 393-398 (1964). Alternatively, the b^^^ 

invention are made Irom commenaaUy avaUable products, such as Sephar^^^ 
FF(AmCTsham Biosciences AO, Uppsala, Sweden). 

In another embodiment, the polymer beads are comprised of cross-linked syn- 
thetic polymers, such as styrene or styrene derivatives, divinylbenzene, ac- 

esters, me&acrylateests»s, vinyl estCTs. vinyl amides 

; easily proAic^ 

"Styrene based polymer supports developed by suspension polymerization" (R 

.: Arshady: Chmiica e Llhdustria 70(9). 70-75 (1988)). Alternatively, a commer- 

cially available product, such as Source™ or SephacrylTM (Ameisham Bio- 

. : sciences AB, Uppsala, Sweden) can be utilised as startii^ material to prepare 

(he beads according to the invention. 
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In an advantageous embodiment of the present sq?aiaticm matrix, at least one 

chemical gradient is a Ugand density gradientresulting fl^ 

of the Ugands present on the support, such as on each porous particle. 

In an alternative enibodiment, at least one chemical gradient is the result of 
vmying pKa values of the fiincUonal groups of the ligands present on each po- 
rous particle. In yet an alternative embodiment, at least one cAemi 

is the result of a varying net charge of the ligands present oa each porous parti- 
cle. Such gradients can be prepared in methods analogue to the ones described 

in relation to ligand density gradients, wherein the pKa values and liet charge 
are controlled instead of the density of coupled ligands. 

A method of pr^aring chemical gradients according to the invention in a po- 
rous support will be described in detail below. 

The chemical gradi^t may be of either dkection, i.e. directed and h»ice in- 
creasing towards (bs coitre of the support, or directed towards tibe outer surface 
of die support and consequently decreasing towards the centre. As the stdUed. 
person in this field will realise, as the mass transport is increased towards the 
centre of a support, die increasing amount of target molecule in the inner will 
give rise to a concentration gradient, which then works against tiie desired di- 
rection of mass transport However, in most cases, such a concoitration drivoi 
force will be smaller than die driving force into the deshed direction. If neces- 
sary, the skilled person in tins field can take this into coosidraation when die 
support is designed and ensure that the attraction force provided by the func- 
tional groups is sufficient. In die case of an opposite gradient, such a concen- 

• ♦ - • 

. tration gradient niay instead coop»:atBwidi the driving force of the mass trans- 
port. 

* 

» * • . ' ... 

: Thus, in an illustrative enibodiment of the present separation matrix, a ligand 

I density gradient is designed in porous essentially spherical particles to maxi- 

: mise the mass transport in the oufonnost paru corresponding to about 40% of 
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the radius. This means that.lihe Mgand demsi^ increases towards the centre aMO^*^ ^ 
the slc^e of the ligand gradioot is largest in the outer part of ifae particles and 
lowest in the inn«: pan of ^ particles. Tlie outermost part CQi^ 
Ifae outeir 40% of iSxe psirticle radiiBS aixx>minodates ahnost 80% of the total 
particle volume aiKS protean ci^i^^ reipecdvely. Hiis means that it will not 
be as important to utilise the CE^acaty in ifae inner part of ffae particles. Theare- 
fore, die above suggested gradient can also be designed in a way that the slope 
of the ligand density gradient increases foorn the outer suirfaoe of flie particle to 
about 40% of the radius and thai the ligand density will decrease towards mo 
in the centre off the particles. In a specific embodiment of ifae present separa- 
tion nmtrix. the support is compised of essentially ^hedcal particles, wher^ 
each particle is ccxmprised of a solid non-fk»duB ^ 

rous material as discussed above and whereiia at least one chemical gradient has , 
been provided m Ifae porous part. This embodiment may advantageously be 
used in applications where a high flow rate is desired, since a solid inner part 
wiU improve the ligidSty off the particle whiile an efficient separation can be .V 
obtained by using only a part of the panicle, sudi as about 40% of the radius, 
as exjilained abov^. 

In the most advantegeous embodiment of the present separation matdx, at least 
<me chemical gradient is a continuous and smooth gmdient. Such gradi6iat(s) 
may be present only in the outer part of a support, as discussed above. AltMua- ' 
tively. such gradiemt(s) may not be present only in;the inner part of a particle, 
such as leaving m outer ^ell of a porous particle wherein fiiere is mo gradient 
As will be discussed in more detail below, the present separation matrix may 
con?>rise two or more diemscal gicadi^ss, such as one or more continuous and 
smooth gradients and one or more jgradients that comprise discontinuous steps. 
The sIdUed person in ffais field will be able to dedde the most advantageous 
extent of the chemical gradieM(s) for each intended purpose. i.e. depending on 
which separation property it is most desired to alter or improve. 
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In one embodiment Of me prfesesnt separaJi 

cle provide at least two diffeient fisnctionalties. In one embodimcait, said fiinc- 

donaUties are selected from the ^iip llihiat conmsts of cation exch^^ 

anion exchange Kgamds, kydrbptobic iaiteiracta clM^^ 
\ ands. reversed phase chromatography (RPQ Hgamds Jnmofemsed metel che- 

lating ligands OMAC), HMophiBic ligandsi and affimsty Hgands. Such function- 
alities are well Imowm to the doBled pei!«on in' 

by standard methods, see e.g. Janson and Ryd^n in Protean Porificatiom: Prin- 
ciples, High Resolution Methods, and Appllcatiom (1989 VCH PiBblia^ 

Mc). 

toaspecifficembodimeMof ise present separatttOEmatsix, said at lea^ 

ferent fimctioEalities are present on the saraae Mgamd. Thus, the ligands may 
conqpiise groups that are partly dectrostaticaUy chairged. or pardy electron 
caUy charged, at the pH of bindiaig of the target mblecnle to l&e matr^ 
dier further charged or of an oppodte charge at the pH of elution. In an iEus- 
tradve embodiment, ^e ligands ftkesoit zmttedonsc f^ ■ 
• ■ this embodiment, the Hgamd wiH feom^se two gromps that are cati<mic and 

onic, respectively, at a speciSed pH valiise. ConsequentfSy, the adsorption may 
tb&i utilise ionic ini^actions of a first charge, while elution can be pirovided by 
a change in pH to provide desoqvtion of the target molecule £n>m the matrix b 
neutralisation pf said first diarge.-and r^nilsion by ionic interactions of the sec- 
ond charge, which is opposite Scoim the first Bxamples of zwitt^ons are nu- 
merous and weU Itaaown to the skilled person in the art, such as the c<mm<^ 
' * ' ' amino acids, and may be exempliiSed e.g. by N-CtEns-(hydroxymet!hyl)methyl]- 

? . . \ 3-mimopropaBe SElphomc acid (TAPS 



Ibi m alternative specMc embodimmt, said at least two different fiimctionaliities 
are preseiaii: on diffemnt Mgaed ksBds^ and each moh ligand Mud provides a 
separate chemical gradieM wi^n the poronis particle. Accordingly, in an illnns- 
trative embodiment, die present separation matrix composes two or more 
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chcndcal gradients pwMded by two or inore 

two Ugand density gradients of the same or oppbsed direction, wherein each 
Ugand kind provides a separate cilenaical gradient 

As file person skiUed in fee sfft^jl understand, the discussion below wiU a^^^ 
eqpaUy weU to the embodiment where a chranicfd gradient has te^ 
frcOT Ugands comprismg more flwn one functl^^ 

using different kinds of ligands. iiius, by combining two diffo^nt ch^cal 
gradients, one for a positive gcoi^ and flie oflier for a native group, the ptes- 
ent invention allows to increase the mass traiKpttrt of a target ^ 
a charged protein, in the outer pa^t (corresponding to about 4€% of the radius 
of an essentially spherical particl^) and theii prevent the protein to be trans- 
ported into the centre of the sui^^ by charge repulsion. 

If positively charged proteins are JOie target molecules, die gradient of nega- 
tively charged Ugands is constracted as desdibed above. The slope of fe^ 
negatively charged ligandf^adi^ increases up to a vahie corresponding to 
about 40% of (be radius of an essentially spherical particle, and then die ligand 
density decreases towards zero in the cenire of the support. This means that the 
ligand density is at a nMiximum vkue at a ya.lue corresponding to about 40% of 
the radius of an essentially SEdienLbal particle. The pqsidvely diarged ligand 
. gradient may begui at a location.xbns^pondlng to 

. essentiatty SE^encalpardcle and increases toward die centre of die su^ 
Ibis gradient is deragned in a way so diat die positively charged protrans are 
: hindered by charge rcpubion to penetrate the centre of the 



In a second aspect, the present invention relates to a chromatography colunm 
packed with a separation matrix comprised of ligands coupled to the surfaces of 
a porous support, wherein the Ugands provide at least one chranical gradient 
within die support. 
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In an advantagecm embodinient, k least om© efe^ 

sity gradieni. In ome embod!imfiiat.;tlhe piesml cti^matbgiR^hy cohram Ssas been 
■ packed with a separasioiii matesialias described a&ove. The chromatography 
columns according to the imvenflion may toe irelasivdy small and useful for labo- 
ratory ^Ucations or of a larger size snittable for prodnction of target mole- 
cules in large scale, lie cotamm riiaiteri 
on the intended a^Iiicaidon nsintg stMidacd ma^ 

Tin a third aspect, the present invention relates to a meth^ 
. • mtion matrix that comprises MgainBs coupled to the sraf aces of a poro 
port, which method comprises th6 step of - . 

(a) providing activatable groups on ttSie swface of a porons snp^rt; 

(b) ad^ating said gronps with an: activati<m agait; 

(c) lesksting groi]ps activated according to step b) wit^ 
cani$>rises at least one f<DDa^<»iaMty; 

wh^in control of the reactivily in st^ (c) jresidts in at least one chram 
dient within the support Alternatively or additionally, the grsdient(s) are ob- • 
tained by controling the diffusion mte during sibp (c). The con^ol of step (c) - . 
can also be defined as control of the reaction rate. The skilled p^tson in this 
field can adjust the iq^qpropciate pMamet^ to ^ 

between reactivity and diffinsipn. fa one enibodixnent, the reactivity is slig^iilly 
hi^er than the diffusion into tiie support ' • 

The gradients may be generated by using a limiting amount of con^und com- 

prising fuactioaaMties (Egasid) mistep (c) as compared to (tihe activated gsromps 
resultisig from step (b). It is also possible to coekol other parameters smcli as 
tSie temperature, die conceMtratioii of tiie MgaEd.-or the type of solvent to control 
the diffusion and/or the reactivity of tine ligand^-breating gradients .wilGh differ- 
ent ligiand siibstitntion profiles. Using different ilimiting quantity of Igand can 
. also generates different of gradient profiles. Thns» in me embodunentp the dif- 
fiision rate is controlled by adjusitemt of the concentration of Ingand. 
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The pcMTOUs support may be as discussed above ib relation to the furst aspect of 
the invendon. In an advantagecras embodiment, ihe support is comprised of at 
least one porous pardcde^ preferably an.essentialiy spherical particle, and at 
least one chemical gi^eiit pxtaids betweeai the^ntre and die exterior surface 
of each porous particle. Various general techniqiies for preparing a porous par- 
ticle that carries ligands are well known in diis field. As is easily realised, the 
method of choice will depend on die nature of the porous particle. 

The activatable groups provided ih step (a) iaayi>e any groups commonly used 
in this context, such lis catiM>xyiic groups (activflitable wifli NHS/EDQ, amines,. 
aUyl groups etc. Thus, in an advantageous emb(»^ent of die present method, 
the activatable groups of step (a) ^ caurboh-<:arbo9 double bonds. Thus, 
porous support may for example be particles miide from a syn&etic polymer, 
wherein double bonds such as viiiyl groups left icihreacted in die pi^axation 
thereof are easily available. ■ i . 

In one embodimait, die present method also coihpiises to p»^ 

vatable groups present at the surface of at least 6ne porous particle in a step 
preceding step (a). The allylation is easily pcrfotmed following standard meth- 
ods with a suitable agent, such asiwidi allyl glyeidyl edicr (AGE) or allyl bro- 
mide. This may for example include to aUylate Suitable groups such as hy- 
droxyl groups, which are available in most natural pQlymras such as polysac- 

\- «^'»a"^«'e.g. agamse. However, oflier activatable groups are weUknov^ 

skilled person in this field, and illustrative furtfifer examples are e.g. amines, 

tiiiols, carboxy groups ete. Accordingly, in one fembpdimrat. the ste^ 
. : step (a) comprises to aUylate hydtoxyl groups i^esent on the surface of a po- 

rdus support. 

■: ^"^^^'e'^ative embodiment, stqps(aHc)abo4 are lepl^ 

wherem an activated ligand is reacted with die activatable groups present on 
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die surface of (he support This may for exampte involve use of a compound, 
which carries both a reactive grbup. such as an #o^de. which is 
reaction with the e.g. a hydroxyl iroup oh the siirface of the support, and one or 
. more hgand functionalities. 

Step (b) can be performed usmgainy commonly :|iseda^^ . 
of rradedng a carbon-carboh double bcmd leac^re. In one embc^imeait, the 
. activatibn agent is a fiee radical. In another eml^iment. the activation agent 
con]4)rises an electrophile, sui^ «^ a halogen ej/hronane, chlorine or 

or a hydroxide thereof. Thus, in one embodimdit, the activation agent used in 
step (b) is a halo^n. Activation of a carijon-cailioh double bond with a halogen 
oir halogenatihg agent may result m halohydrinel^, which are easily conv^ed to 
reactive ^xy groups in accordahce witii standird methods. Thus, in a specific 
embodiment, st^ G>) also incbd^s io convert tifs halogenated product to an 
epoxy group. 

As tiie skilled person in this fieldiwill easily leaflise, in addition to the actual 
functional group(s), the compound coupled in step (c) may also comprise an 
element which distances said functional group(i^) from the support surface. 
Such elements are commonly use^ and Imown ^>pacer elements OT^ 
. Alternatively, a spacw may coupled to the surface of the particle surface before 
the activation thoeof. As is well known, any stffih distancing element will work 
as a spacer, regardless of the method for its introduction, and in principle any 
group or compound that providei^ such distancing will be denoted a spacer* As 
• • * appears from the above, some of the more freqiieiitly used activating schemes 

' . comprise an activating agent such as allyl glycidyl ether (AGE), which in part 

■ •• * a • J . . 

will be transfonned into a spacer; 



In one embodiment, at least onb Chemical gradient is a continuous and smooth 
ligand densi^ gradient as discussed above in tEle context of tihte first aspect of 
the invention* . 
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In &e most advantogeous MttbodiAieiit of the pr«|eA^ 
chemical gradient is a Ugand density grSdienL l|e present ms^od may be re- 
peated in order to obtain two or more chemical gradients, as discussed above. 
In an alternative embodment. tiie gradients are Sibtk^ 
neotts, in a sin^ process. . . i 

. . • .»* • ' 

t 

: 

In one embodiment of the piesent method, die fittn<*ioiiali!ies of in step (c) pro- 
vide at least two different ftmclionalities. Such ^qtionalities may be as de- 
scribed above in ihe context of the fnrst aspect <^ flie invention. In one em- 
bodiment, said at least two different functionaIit|es^are present on the same li- 
gand^ suc^ as on a zwittexionic compound. : 

In an altanative onbodiment. said at leiust two ^ideient functionaU 
sent on different ligand kmds, and a separate chf nucal gradient is provided for 
eadt such ligand land widiin tibe siqipott. Sudi ^ifferrat gradi^ts may be as 
discussed above in the context of !lhe first aspectiof; the hivention. Thus, in one 
embodiment, two chemical gradients are provided In the support, one of which 
is a Ugand density gradient. The effects and advantages of such gradients and 
combinations of gradients will be discussed in detail below in the context 
of die process of liquid chromato|praphy. 

•'J' 

The present invention also enccnniwsses a sq)aiMon matrix prepared using the 
present method. . , | ? 

• • * • 

• 'Jy 

- ^ In a fourth aspect, the present invention relates tb a prbcess of liquid chroma- 

****** i 

.^.r tography, wherein a liquid comprising a target molecule is contacted with a 

separation niatrix that comprises ligands coupled t£> the swfaces of a porous 
: support and the Hgands provide a chemical grad^twidiin die support. In one 

embodiment, the support is coniprised of at leai^ bjtie porous particle^ and a 
chemical gradient extends between the centre aild Qie exterior surface of each 
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porous partide. Thos. ihe gradient may be a iadi|l gradient. The nature of the 
separation matrix may be as described above in le cbntext of flie first aspect of 
the invention. The genial princq?les behind liq4d cAromatogiaphy a^ 
known to the skilled person hi this field and desfftcid ui various tettbooks. 

In the most advantageous emibodiinent, die presiht ptQcess further cranprises a 
step of eluting the adsorbed target molecule fto4 the matrix by contactmg the 
matrix with an elu^ The natiirB of die duent WiBl obviously depend upon the 
nature of the ligands coupled to the particles. Ftfjf Example, in case of ionex- 
change gradient elution, the eluent may compri^^ a salt gradient or a pH gradi- 
ent. In a specific embodiment of the present process; the fhnctional groups of 
the ligands are zwittMions and the elution is peribrnied at a pH different from 
that used during (he adsorption. ; 

•J': 

In one embodiment^ in the separation matrix us^ in the preset process, the 
ligand density inoeases towards iSac ceattc of tiAs su^yport Hence, if die parti- 
cles are essentially spherical beads, this embodiinienC includes a radial gradient 
In an alternative embodiment, the gradient is of ^e opposite direction. As de- 
scribed above in the context of the first aspect o| the invention, the present 
separation matrix may contain two or more chewed, gradients, one of which is 
preferably a continuous and smooth griadient. 



5:' 



By utilising a sepaialion matrix comprisiiig twd^Uffeient ligand gradients, 
where each of die two figahds have different cb^ain^togr^hic prop^es, both 

the adsorption and the desorption processes csaMot improved. For example, by 

■ ■ ■ ■ ■ ■ f ■ . ■ 

choosing one ligand that attracts and one ligandirdiat repels the target mole- 
cules, the adsorption can be directed to the outei^ paiit of die si^port and the tar- 
get molecules are prevented fron^ penetrating iitiier part of die support. The 
gradient of die attracting Ugahd is adjusted to increase the mass transport of die 

sanqple molecules in the outer part of the sappcit - ' ■- 

• . ■ . I 

•v. 
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Another advantage erf using two HgancJs and two toe^ ^ 
sibility to achieve a separ^on of target molecules ui each suppdrt. e.g. in each 
particle, and in this way increase the selectivity qf dije chromatographic proc- 
ess, sue* as a separation in a colunm. Hiis can, f^r ekample, be accomplished 
by combining one gradient of an ion-exchange ftlnctionality and anoiher gradi- 
ent of a fimctionaHty that supports hydrophobic interactions, i.e. a HIC Kgand. 
The gradient of Ae fflC-ligMKis decreases towards 

and the gradient of the ion-exchange ligand increases towards the centre. This 
means that hydrophiUc target molecules, which are bppositely charged to the 
ion-exchange group, will mainly be adsorbed in the inner part of the particles 

and the hydrophobic charged sample molecules will be adsorbed in the outer 
part When such particles according to the invention; are used in column liquid 
duromatography. ^e adsorbed target molecules dr^ Easily desorbed by gradient 
elution. To flilly take advantage of flie protein separation in the particles, the 
solvent gra(Uent should be designed in a way tbsit the proteins adsorbed in the . -. 
outer part of the particles are eluted first and the pproteins adsorbed in the inner 
part of die particles are eluted last 

As motioned i^ve, the present invention is useful^for separation of virtually 
any target molecule, dqprading on how the sepaitftidn mintrix is designed. In 
one embodiment, the target molecule is a prbtddi; The present poxMe^ of liquid 
cbcomatograpby may etther be a process of purif^m^ one desired target mole- 
cule from a solution, such as a fermentation bco^ ot a process used for purifi- 
cation of a hquid by removal of an undesired target molecule, such as a virus. 

Detailed description of the drawings 

Figure 1 shows in a schematic way how the adsorptipn of a target molecule can 
be facilitated by an increasing ligand density towdicfs the centre of a particulate 
separation m^tdx. The dmwing is intended to illlastitite an embodiment wh^e 
tiie functional grouj^ of the ligands are surroundedby a field, suchas the field 
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siMTOunding a charged ftinctionafity. The atrc»^ 
force wm facilitate the mass transport into flie patrticle. 
Rgure 2A-H shows iUustratiye examples of chemicAl gradients provided ac- 
cording to the present mvention. Figure 2A shows a gradient which increases 
towards the centre of the support, which gradiwit stats within the si^port and 
hence leaves an oatra: part of the particle widiont ligkds; Kgure 2B shows a 
gradient which decreases towaiids Ihe centre of the Mpport; Figfl^ 
gradient which readies a peak vdne halfway to the <ientre of Ihe 8«q>port; 

ure 2D shows a gradient whidi decreases towards die centre of the support, i.e. 
where the ligands are present at a higher concentratipn in fte outer part of the 
support; Figure 2E shows two gradients of opposite direction within the sup- 
port; Figure 2F shows two gradients of die same dii^on but of different in- 
clinadon within the suppOTt; Figure 2G illustrates Wo gradients, one is in the 
centre of the particle and one sdirounding the centr^ ^milar to Hg^ 
Figure 2H shows a support, wherein one ligand or fiinctionafity describes a 
planar curve and the othd* is a gradient similar to th^ one described in Figure 
2B, A support havmg the kind of gradients shown in Figure 2H can e.g. be ob- 
tained by starting from a support material which has' already been functional- . 
ised with ligand to a constant substitution dqpee said subsequendy applying the 
method according to the invention to provide a gradient 

EXPERIMENTAL PART 

The present examples are provided fot illustrative purposes only, and diall not 
be construed as limiting the invention as defined by!:the appended claims. All 

w - 

« a « . 

^ - ^ references given below and elsewhere in the present application are hereby in- 

eluded herein by reference. 
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Liinear gradient in bead ' ^fluvudfetbn Kdssa 

. ■• General: ■ ' ■. ■ ' r. 

•nie volumes of matrix refer to setUed bed vbhnme. |lie wmghts of matrix 

given in gram refer to suction (water pump) dry weight. It is understood Aal 
these matrices are still watM solvated material. 

Stilling is lefening to a suspended. motOTHdriven stiirer since the use of magnet 
bar stirrer is prompt to damage the beads. . 
Analysis of the ftmctionality and die detmninatldn of the degree o^ 
epoxidation, or die degree of substitution of ion exc^iger groups on the beads 
refer to convrational methods. ' : . 

One way to prepare some bead with increasing or decreasing linear gradient 
&om the surface to the inside of the bead is exemplified below with a Sqphar 
rose™ 6 FF gel (Amershami Biosciences* Uppsala, $Weden). 
A specific exanqple is described for anion and catib^^ exchange media. 
The gradients were gencarated by using a limiting ai4oun^ 
to die activated allyl groups. It is also possible to taie advantage of oChrar pa- 
rameters such as the temperature, the concratration bf the ligand or the ^e of - 
solvent to control the diffusion and die reactivity of Itfae ligand. creating gradi- 
ents wi A diffcatem Ugand siibsdtution pr^^^ 
. Using djjEfexenl limiting quanti^ 
entproffles. ^ . 

Example 1. bitroductlon of aUyl group on the matrix: 

• ■ ' ¥ ■ 

In a typical procedure allylation was carried out with ally] glyddyl ether, but 
note that die introduction of allyl groups on the solili suj^ort can as well be 

easily achieved widi using allyl bromide. l 

.1= 

■ I ■ 

Activation of Senharose™ with allvl glvcidvl eflieri' 
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A 80 g quantity of Sepharose™ 6 FF was mixed wii 0.5 g of NaBH4. 13 g of 
Na2S04 and 40 ml of 50% aqueous solution of NkOH. The mixture was stirred 
for 1 hour at 50 "C. After addition of 100 ml of aUylglycidyl ether the suspen- 
sion was left at 50 under vigorous stirring for ian additional 18 hours. After 
filtratioii of the mixture, the gel was washed successively, with 500 ml distiUed 
water, 500 ml ethanol, 200 ml distilled water 200 ml 0.2 M acetic acid and, 500 
ml distilled water. 

Titration gave a degree of substitution of 0.3 mmo! ^ allyl/ml of geL 

: i 

Note: By adduig different quimtities of NaOH, the degree of substitntion can 
varied. 

For example: With exacfly the same method as above the use of 50 ml of 50% 
NaOH will give a degree of substitution of arouild OA nunol of allyl^ of gel. 



Example 2. Linear gradient with decreasing ligai^d sabstltntion degree to- 
wards flie middle of die bead. 

Example 2.1. Cation exchange media 

In a Qrpical procedure the carboxylic groups were introduced on the matrix 
with thiol containing derivatives but doivatives containing other reactive nn- 
oleophilic groups can as well be used. 

Gradients of Ipimobilised 3-mercaptoproDionic acid: 

Bromine was added to a stirred suspension of 100 lAl of allyl activated Sejdia-* 
rose™ 6 FF (03 mmol of allyl/ml), 4 g of AcONa ^d 100 ml of distilled wa- 
ter, till a persistent yellow colour was obtained. Sodium formate was then 
added till the suspension was fally decolourised; 

Die reaction mixture was filtered and (he gel washed with 500 mi of distilled 
water. The activated gel was then directly transfn tl) 4 distinct reaction vessels: 
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A) 20 ml of activated gel was treated wiA. an aqo^ H.-v*'H.H»rt Rat 

distWater) of 366 pi of thiopropionic acid (0.7 equivalents per aUyl group) and 
2.4 g of NaCl which pH was adjusted to U.5 wi^ sb % aq. NaOHbefore the 
addition. ■ 

The reaction was left 10 hours raider stirring at 70 *G. Filtration of the reaction 

mixtBie and waj*ing with 100 nd of 

Sepbarose derived gcL • 

B) 20 ml of activated gel WM treated widi, ah aqttec&s solution (10ml 

distwater) of 366 jil of thiopropionic acid (0.7 equivalents per allyl group) and 
2.4 g of Naa which pH was adjusted to 1 13 wiQi 50 % aq. NaOH before the 

addition. 

The reaction was left 10 hours under sthring at 3p**^.FUtralion of the reaction \ . 
mixture and wasiiing witii 100 nrt of distilled waiter 
Sepbarose derived geL . [I 

' ■ ' f 

C) 20 ml of activated gel was treated wiflj, an aqtiediis solution (10ml 

* ' ' ' 

distwater) of 262 jU of thiopropionic acid (0.5 equivalents per allyl group) and 
2.4 g of NaCl which pH was a^sted to 1 1,5 with ^ % aq. NaOH before die 

■ addition. .1. 
The reactixm was left 10 hours under stirring at io "6. Filtration of die reaction 
inixture and washmg with loo rnl of distiUed wat^ gave the tiubp^^ 

Sepbarose derived gel. ?. 



D) 20 ml of activated gel was treated with, an aqjueoias solution (10ml 
distwater) of 262 Ml of tiuoprc^onic acid (0.5 d^ui^alents per allyl group) and 
2.4 g of NaCl which pH was adjusted to 1 1 ,5 with ^ % aq. NaOH before tiie 

addition* . . ): 

The reaction was left 10 hours under stimng at 30 ""C. BlCration of the reaction 
mixture and washing with ICQ ml of distilled wdter |ave the thippropionic 
Sepbarose derived geL . . 1^ 
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Example 2:2. Anion exdiange media 

Li a typical procedure, the anion exchanger groups were inlioduced on ihe ma- 
trix directly by inimobiJisation of a tertiary amitoe, biit ligands containing olher 
reactive niwleophiBc groups and can as well bepised as long as they also pres- 
et an anion »c<^uuiger group or fee possibility :to gehorate one, 

5 " ' ' ' 

• "****' ■ ' ' 

Gradients of ^rnyriiylamine: 
Bromine was added to a Stirred siupcnsion of nU of aUyl 
rose™ 6 FF (0.3 mmol of aUyVml), 4 g of AcOMa and 100 ml of distilled wa- 
ter, tai a persistent yellow colour was obtained; Sodium formate was dbien 
added till the suspension was fully decolourised. 

liie reaction mixture was filtered and the gel washed widi 500 ml of distilled 
watar. The activated ^1 was then direcdy trandfo: to 4 distinct reaction vessels: 

■ 

A) 20 ml of drained bronoinated gel was charg^ in to a 100 ml three necked 
roundflaskprovided with a propeller stirrer together with Sod water. A SO/SO 
solution of sodium hydroxide in water, preparedifirom 14.9 g NaOH and O.Olg 
NaBH4 in 14.9 g water, was added drop by drop; An aqueous solution (2 ml) 
of 0.4 g tiimetfayl ammonium chloride (0.7 eqiliyalaits per allyl group) was 
dien added. 

Reaction was run under stirring at SO fcHT 5 hours j 

The reaction was tmniiiated by washing the gel ^ a glass filtrar funn^ wit^^ 

400 mL water, 80 ml IM Sodium chloride andlibodMsr 400 mL of water. 

B) 20 ml of drained brominated gel was charged in to a 100 ml three necked 
round flask provided with a propeller stirrer togethei- with 8 ml water and a 
SO/SO solution of sodium hydroxide in water, ^ppaxied from 14.9 g NaOH and 
O.Olg NaBH4 in 14.9 g wat«:, was added dropil^ dn^. An aqueous solution 
(2 ml) of 6.4 g trimediyl anomonium diloride (0|7 equivalents per allyl group) 
was then added. 
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Reaction was run imder stiii±«g at 20 "t; for 5 hofo^ 

The reaction was tenninated by wadiing the ^ n aiglass filter ftamd with 

400 mL water, 80 nil IM Sodiiutf chloricle and aiiptollier 400 mL of watesr. 



C) 20 ml of drained brominated gel was charged|n td a 100 ml three necked 
round flask provided with a propeller stirrer tog^^eri with 8 ml water and a 
5W50 solution of sodium hydroxide in water, pt4>ar^ from 14.9 g NaOH and 
0.01gNaBH4 in 145 g water, was added drop bj^ drop. An aqueous solutioii 
(2 ml) of 0.286 g trimefliyl ammonfarai dWoride (o.5 :eqaivalents per allyl 
group) was then added. ■ , • 

Reaction was run imder stirring at 50 for 5 hdim. 

The reaction wais tenninated by washing the gel16n a glass filter funnel with 

400 mL water, 80 ml IM Sodium cldoride and aiiother 400 mL of water. 

D) 20 ml of drained brominated g^ was ctmgi^in. to a 100 ml three necked 
round fiask pipvided with a propeller stirrer tog6dief wifh 8 ml water and a 
50/50 solution of sodium hydroxide in water, pr^>arbd from 14.9 g NaOH and 
O.Olg NaBH4 in 14.9 g water, was added drop ifa(y drop. An aqueous solutian 
(2 ml) of 0.286 g trimethyl ammonium chloride |t0.5 equivalents per allyl 

group) was then added. .1' 

Reaction was run under stirring at 20 for 5 li(^;' 

The reaction was teiixiinated by washing the gelpn 4 0Bas filter fimnel with 

400 inL water, 80 ml IM Sodium diloiide and aiiot^er 400 mL of water. 

■ ■ I ■ 



. 1 



■I 



Example 3. Linear gradient with Uicreasingiigaii^ sabstltntion degree to- 
wards the middle of the bead, i 
in a typical procedure, the incxeasiiig gradient w^s realised by first creating a 
decret^ing gradient of a neutral ligand and the rlsuliing gel was further deiiva- 
tised on the remaining active ^eoups by tiie dirc^QatpgraphicaUy active Ugand. 
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Example 3i. Cation ewAangeme*^ 1 

nr^r ^iftnts of iffimnbilised 3 -m^aDtODronionic alid and 3>^lercapto^^,2^ 

propanediol: . • >• 

Bromine was added to a stined sttspenaOn <?f ipM of allyl activated Sepha- 
roseTM 6 FF (0.3 nunol of aUyl/inl). 4 g of AcOi4 arid 100 rid of distilled wa- 
ter, till a persistent yellow colour was obtained.' |odfa formate was then 
added till the suspension was folly decolbirase<^| j 

The reaction mixture was fUtaed and flie gel wi|he4 with 500 nil of distille4 
water. The activated gel was then direcdy transffif toi4 distinct reaction vessels: 

A) 20 nd of activiaited gel was treated vwth, an liqueo^ solution (lOnil 
distwater) of 251 of S-niercapto-l^propaniw jiol jCO.5 equivjdents per allyl 
group) and 2.4 g of NaQ which pH was adjnsted' to 11 ,5 widi 50 % aq. NaOH 
before the addition. - . ' - 

The reaction was left 1 hour under staling at 50 |C. After 1 hour the reaction 
was treated witii an aqueous solution (5ihl distSiipater) of 1 .6 ml of tbiopropi- 
onic add (3 equivalents per allyl group) and 2.4[| of NaCl which pH was ad- 
. justed to 1 1,5 with 50 % aq. NaOH before (he alditibn. The reaction was then 
left 18 hours at 50 1;. i ^ ]' 

Filtration of the reaction mixture and washing With i 00 ml of distilled water 
gave (he thiopropionic Sefdiarose dddved gel. ; 



B) 20 ml of activated gel was treated with, an a(j|iedus solution (10ml 
distwater) of 251 of 3-mercapto-l,2-piopaiii4iol!(i).5 equivalents per allyl 
group) and 2.4 g of NaQ which pH was adjustel to ^1 1,5 with 50 % aq. NaOH 
before the addition. ' ] 

The reaction was left 1 hour under stirring at 2bi>'C. iAfter 1 hour the reaction 
was treated wifli an aqueous solution (5jnl distl|atelr) of 1.6 ml of thiopropi- 
onic acid (3 equivalents per allyl group) and 2^4^ NaCl whidi pH was ad^ 
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justed to 11,5 witja 50 % aq. NaOH before the ad|tiik. The reaction was flien 
l«ftl8honrsat50°C. . . - fc \ 

FUtration of flie reaction mixture ind washing w^tfi 100 ml of distilled water 
gave flje thiopropionic Sepharose derived gel. fl' i 

■ • •■ ■ •" '^1 J . ■■ : 

C) 20 ml of activated gel was treated with, an a^^eous solution (lOml 
distwater) of 151 (U of 3-m«arcapto-l,2-propane<|pi 10.3 equivalents per aUyl 
group) and 2.4 g of NaCl which pH was iadjustecfllo i 1,5 wifli 50 % aq. NaOH 
before the addition. .^^ 

The reaction was left 1 hour raider Stirring at 50 ^. After 1 hour the reacti^^ 
was treated with an aqueous solution (5inl dist.v>Jter) of 1.6 ml of thiopropi- 
onic acid (3 equivalents per aUyl group) and 2.4| of: NaCl which pH was ad- 
justed to 1 1,5 wilh 50 % aq. NaOH before ttie ai^itipn. The reaction was then 
left 18 hours at 50 ^'C. ! . ! 

Filtration of the reaction mixture and wa^ng wfthlOO ml of distilled water 
gave tiietiuoproj^nicS^hanrae derived gel. | | 

D) 20 ml of activated gel was treated with, an aquebias solution (lOml 
distwater) of 151 ju of 3-mercapto-l,2-propanie|ioi:(0.3 equivalents per allyl 

group) and 2.4 g of NaQ which pH was adjuste»|t6 1 1,5 witii 50 % aq. NaOH 

■ ' ■ ■ • . if. ' 
befcne the addition. :f-. 

The reaction was left 1 hour under stirring at 20iCL kfler 1 hour the reaction 
was treated witii an aqueotas solution (5ml.di8t.Wat^) of 1.6 ml of ttiiopropi- 
onic acid (3 equivalents per allyl group) and 2.4*i Of NaQ which pH was ad- 
justed to 11 ,5 with 50 % aq. NaOH before (he alditibn. The reaction was then 
left 18 hours at 50 "X:. ^ '-l ' 

Filtration of (he reaction mixture and washing witii 100 ml of distilled water 
gave the (hiopropionic Sepharose derived gel. - 'jii ' 
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nrstdie^ta of imTTrifyl^^l |sed triniethviamirife and 3^ynefcgDto>1.2-T)iopanediol: 
Bromine was added to a stined siisp^inon of lob ;mi of allyl activated Sepha- 
xo^TM 6 FF (0^ mmol of allyl/ml). 4 g dif AcOI^a'di^d 100 ml of distilled wa- 
ter, tin a persistent yellow colour was pMidiied. i^od^mi formate was dien 
added till die sii^nsibn was fiilly decolourisedii 

The reaction mixture was filteaed^and ih^ gel wash^ with 500 nil of distilled . 
water. The activated gel was. then directly transfer lbl4 distinct reaction vessels: 



A) 20 ml of activated gel was treated wiOi, an ac^i^us solution (IQml 

r. • ■ ! ■ '. "■'}. ■ ' 
dist.water) of 2S1 )il of 3-ihetcapto-l,2-fn^anedioi|0.S equivalents per allyl 

group) and 2.4 g of NaCl, which pH was' adjusfeditbH 1,5 with 50 % aq. NaOH 

before the addition. 

The reaction was left 1 hour under stirring at 50 "Ci After 1 hour the reaction 
was treated with an aqueous solution (5ml distwat^r) of 2.86 g of trimeth- 
ylammonium chloride (5 equivalents per allyl ^map) and 2.4 g of NaCl which .. 
pH was a4iusted to 1 1.5 with 50 % aq. l^aOH befpi^ the addition. The reaction 
was fhsa left 18 hours at 50 'C. f .= : ; | 

The reaction was terminated by washin^^the gel bn14 glass filter funnel wifli 
400 mL water, 80 ml IM Sodinni chloride andlmb&r 400 mL of watex. 



•1 



B) 20 ml of activated gel was treated with, an s^i^^iis solution (10ml 
dist. water) of 251 of 3-merc]^pto-l,2-propanbdioif(0.5 equivalents per aUyl 
group) and 2.4 g of NaCl whidi pH wa^^adjiistisd to ill,5 wife 50 % aq. NaOH 
before die addition. 

The reaction was left 1 hour uhd^ stirci^ at 26fe|uter 1 hour the reaction 
was treated witii an aqueous solution (5rnl disti(rate|) of 2.86 g of trimeth- 
ylammonium chloride (5 equivalents per allyl ^OupJ) and 2.4 g of NaCl which 
pH was adjusted to 1 1 .5 wife 50 % aq. NaOH bfifotl fee addition. The reaction 



was feen left 18 hours at 50 **C 



I 

•Vi 
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liie reaction was terminated by Washing the- g 

400 mL water, 80 ml IM SodiWddoride and an6til|r 400 mL of wal«. 

C) 20 ml of activated gel was treaited with, an aqlie^is solution (IQml 
distwater) of 151 Ml of 3^mercaptb.l,2-proipanedi6||p.3 equivalents per aUyl 
group) and 2^ g of NaCl whidi pH was adjusted t*f |l,5 wifli 50 % aq. NaOH 
before die addition. , 

The reaction was left 1 hour und^r stirring at 50 "(ii-^fter 1 hour the reaction 
was treated widi an aqueous solution (5nd distwateS of 2.86 g of trimetii- 
ylammonium chloride (5 equivalents per aUyl grouj)| and 2.4 g of NaCl whidi 
pH was adjusted to 11,5 with 50 % aq. NaOH bcifoiflthB additicm* The reaction 
was then left 18 hours at 50 "C. v i 

The reaction was terminated by washing the gel oh^^ glass filter funnel with 
400 mL water, 80 inl lM Sodiuni ddoride and moMer 400 mL of water. 

• .••••** 

■ • • • • ' . id-r • 

D) 20 ml of activated gel was treated witii, an aqitefj|is solution (lOml 

••• -i 

distwater) of 151 \iL of 3-merca^to-l,2-propanediicfip,3 equivalents per allyl 
group) and 2.4 g of NaCl which pH was adjusted to ll 1,5 witii 50 % aq. NaOH 
before the addition. 'r ?-i • 

The reaction was left 1 hour under stirring at 20 ''^i' After 1 hour the reaction 
was treated with ah aqueous solution (5ml dist.waUi|) of 2.86 g of trimedi- 
ylamnKmiam chloride (5 equivalmits per allyl g£ou|»^ and 2.4 g of NaCl which 
pH ws^ adjusted to 11.5 with 50 :% aq. NaOH b^^ die addition. The reaction 
was then 1^ 18 hours at 50 °C. The reaction w^ iteiiminated by washing the gel 
on a glass filter funnel With 400 mL water, 80 ml* 11^ Sodiuin chloride and an- 
other 400 mL of water. .... • 'rl 

* . M 

', ' •■ 'V 
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1. A separation matrix cdm^ised of Ugands coU^^^ 

rous support, wherein ^e liga^ids provide at l&.^|t>ne chemical gradient in 

support 

2. A separation according to claiml, wh^rei| the support is comprised 
of atleastoneporous-paiticle^dtheUgandsiprblride atleastone chemical 
gradient betvi««i the c^tre W the extiador BUi^ o^ 

3. A matrix acodrding to claim l or 2. wherein at telst one 

is a ligand density gradient resulting frbm a var^g density of Ugands pres- 
ent on the support. • 

4. A matrix according to claim 2 or 3, wherein the iiensity gradient increases 
towardb the centre of the support T ! 

5. A matrix according to claim 2 or 3, wherein the |elisity gradient decreases 
towards tiie centre of Ihe support. 

6. A matrix according to any onie of flie precedihg:«^aims, wherein at least one; 
chemical gradient Is the result of varying pKa values of functional groups oi 
the ligands present on the support. -^j 

7. A matrix accordmg to any onfe of tiie precediittg;^iaims, wherein at least one; 
chemical gradirat is die result of a varying net c|arg6 of the ligands present 
on the support. :| 

8. A matrix according to any one of the preceding i^aims. wherein at least one 
gradient is a continuous and smooth gradient. . ■ ^ 

9. A matrix accordmg to any onfe of tiie preceding%aiins, M*erein the ligands 
present on the support provide at least two diff^nt functionaUlies. 

10. A matrix according to claim 9, wherein said fotf^^onalities are selected 
from the group that consists qf cation exchahgel^gands, anion exchange 
ligands, hydrophobicinteraction chroriiatogriapli| OHIQ Ugands, reversed 
phase chromatography QSCPC) ligands, immohiuled metal chelating ligands 
(IMAC). fbiophilic ligands, and afifuuty Ugaiu^ll 

11. A matrix according to claim 9 or lO/wheteiB s^^ at least two different 
fimctionalities are present pn^tiie same Ugand. -A 
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12. A matrix according to claim wh|reiij ihe 
fiimctLonalities. ^ 

13. A matrix according to clsum^or l^p, whereia^l at least two different 

fiHii^onalities are present onffi^^ 

Idnd provides a separate chei^cal=^adient with^ 

14. A dmxmatography colunm p^aoM with a sejife^i^ matrix conq>ri8ed of 
Ugands coupled to the surface^ of porous sii^p|N| wherein the ligands 
provide at least one diemicallira^ent within tfae^pport 

15. A chromatography column a^sor^ng f» claim f if. Wherein die support is 
comprised of at least one poriiius {larticie and the.ligands provide at least 
one chemical gradi^t between tbl centre anff tfai^ exterior surface of each 
porous particle. ..IP . . ; 

16. A cfaromatogK^hy colunm aqcorc^g to claiifii ii or 15, ^^erein at least one 
chemical gradient is a Ugand'^sity ^dient | ! 

17. A chromatography column a^or^ing to any-One|pf claiins 14-16, which h^ 
been packed witfi a se^aiatioj| ma|tix licccMrd^g'jib any one of claims 1-13. 



18. A method of preparing a sqp^ti<^n matrix iMt;ic|3imprises ligands coupled 
to the surfaces of a porous suppoi^, which nielhtia comprises the step of 

(a) providing activatable groups on tl^ surface of alpotous support; 

(b) activating said groups with aft activation agent; | • 

(c) reacting groups activated accbrdii|g to step b) W^ a compound which 
comprises at least one fvmction^ \ 

wherein control of tiiie reactivityf in st^ (c) results in ^t least one chemical gra- 
dientwidiin tile support . I ■ . 

19. A method according to claimUS, |ifherein thfc retctivity is controlled by the 
concentration of the compound Hiiat comprises ^le-iimctionalities in step (c). 
A method accordiiig to claimji 18-|i9, whereinfihi^iustiyatabie groups of stqp 
(a) are carbon-carbon doubldibonps. 



A: 



21. A method according to any bine dt cUims 18^20j^whlch also comprises to 



provide a die activatable groups 
particle in a step preceding s^ep (4)^ 



it at the stitf ace of at least one porous 
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22. Amethodaccordiiigtoclaim^l,|l^ 

prises to aUylatehydroxyl grm^s f4s«»t<>tt^«|^ 
' . • port. ^ •: i ; •-i'^-' i-V 

23. A method accordiBg to claim jzi oii 
a single step v«teein an actiyl^ 

groups pi»sent on the surfiac^!t%^p^ ^.-i 

24. A inethod according to my 4e 
agentusedinstep(b)isahal6graiv ; . . :e 

25- A method according to any ofee of claims iS^I^^ 
chenucal gradient is a Bgand^&ensitygradieiiti |j 

26. A method according to anyoiie of jblkims 18-;^,=|beiBin at least one chemi- 
cal gradient is a continuous sMd sEjicloth gradicai^l 

27. A method according to any ohe o^ claims 18«26i|vheiein the at least two 

difEerait fimctionaMties lure pbvidi4 

28. A method according to claini^27, ^iei:dn s^a a|l^ 

tionalities are provided by (Mte coih|>o|und. . ; 

29. A matrix accoKiing to claim ^7. ^herein said atai^ 
tionaUties are provided by di^ereiitk;<|inipoundsi:or i 

30. A method according to any q|e of daims 1 8-29^|wiierein two or more 
chemical gradirats are piovijed ilk die siq>pibl^ 

density gradiraat . • j't T. : ; . :•:!:■ -I--' 

31. A method accotdhig to any die of (iainos 18^!^0|^ 
comprised of at least one po^ns ]^aiti|?le/prel(^|biy an essCTtiaUy 
particle, and at least one graciient ^tekds b^tWe^ii-'the cadre and die exte- 

I \\ rior surface of eacK porous partlcfe. i ! , i /i 

: 32. A separation matrix preparedly me iiiethpd*ac4|rding to any one of claims 

*./ 33. A process of liquid chromat<&tajE|ii |vherdj|a l^nd conqaiauig at least 

! one target niolecule is contaclted^& a separlti^ matrix 

'-'-\ hgands coupled to the surfaces of; a jp{»roii5 ^tbljiilri and the target molecule 

• . . :: i: : • r-i; 

• ••-..■/.■?»'• 
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is adsorbed to the matrix, wherein lOie jigand^|>rd^ilde a ch^g^g^p^i^itm 

. witiiin the support. 11 ;|: ^ 

34. A process accozdii^ to claim 33, ^hich turttttu: c^ifi$>nses a step of eluting 
Ilie adsorbed target molecule fiomitfaeiniatdx jby-nic^atac the matrix with 

andlu^t: ; | I ' ir $ i 

■ ■• - .' ' \: . {■ ■ U-.-i ■ ■ 

35. A process acccaxling to claim 33 o;^ 34^ wh^in at least one diemical gradi- 

eiit is a ligand density gradient | ' i-- ?| i 

36. A process according to any piie odclaims 33^3S»':iirtierein the support is 



comprised of at least one porous parti6Ie and at liiast one chemica] gradient 

extends between tiie centre and Ifali exterior ^iftf of eacli porous particle. 
37. A process according to claim 33-3(6/ wheiei&^fh groups of the . 

ligands are zwitterions and the elutioif is.per|6rrj|ad at a pH different fh>m 

that during the adsotptioq* * '^^ ^ ^ 

38: A process according to any one ol claims 33^36|ivh6rein die separation 

niatrtx is as defined in aoy one of icla^ 4 5 



t 
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The present invention relates to a W^iU ms^ |>fPrised of Mg 
pled to the surfaces of a porous sdppoK sbch luore porous partides, 

wher«n die ligands provide at le^t oiie <|^nuc|jgr|li<«rt widiin the suppcat 
In Ibe most advantageous embod&oeiit. ti^ 

sity gradient Th^ invention also ^ela^s t^ i m^^preparing a separation 
matrix flial con^irises Ugands cottpled t6 suMcf elf a porous support, such 
as porous particles, vfUch meflioa coiniai^s fll bt^^prov^ activatable 
groups, such as caibon^ailKm d«^ttbli boa^ o||^^ 

port; activating said groups wth an a6tiv4ti»n fe»f * halog€»; and re- 
acting die so activated groups witii a «>ii4?oun<iwhi(Sicon^rises at least one 
functionality. In tiie mefliod accotding toitlie in|^4|^. «he control of Ae diffu- 
sion rate in die second step results in at least oril ^|mical gradient, such as a 
Ugand density gradient, between die 4entte|and^e Interior surface of each po- 
rous particle. 
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